Abstract: Although the infratribal classification of the Lactuceae has been the focus of several studies, relationships between the genera are not yet fully resolved. While trichome characters have been shown to be an important tool in taxa delimitation in many plant families, a detailed study on trichomes within the Lactuceae was still lacking. We assess here how trichome types can contribute to the clarification of generic relationships in this tribe. Trichome diversity was investigated on stems and leaves of 135 representatives of 53 genera by light and scanning electron microscopy. According to their morphology and anatomy, trichomes were classified into eight types and several subtypes. Phenetic analysis based on the presence or absence of particular trichome types was performed. The previously supposed monophyly of exclusively American genera and affinities between several closely related genera were confirmed. A new circumscription of the subtribe Hieraciinae is proposed, in accordance with recent molecular data. According to the present study, this subtribe is characterized by a unique combination of two trichome types and comprises the following genera: Andryala, Hieracium, Hispidella, Pilosella, Stenotheca. The previously included genera Arnoseris, Hololeion and Tolpis do not belong to this assemblage and their removal from the Hieraciinae should be reconsidered.
Introduction
The tribe Lactuceae Cass. comprises 98 genera and more than 1550 species (Bremer 1994) . The milky latex and the floral structure make the tribe easily distinguishable from all other Asteraceae. This evident distinction was the reason of raising the Lactuceae to subfamiliar or familiar rank by some authors (e.g. Cronquist 1977) . Currently, the Lactuceae are considered a tribe within the Asteraceae (Bremer 1994) . Phylogenetic studies in Asteraceae based on both morphological (Karis et al. 1992 ) and molecular (Jansen et al. 1991; Kim et al. 1992 ) data have indicated that the Lactuceae are monophyletic. The Liabeae (Cass.) Rydb. and Vernoniae Cass. are considered their closest relatives.
The Lactuceae are mostly herbs, only a few are shrubby plants. Leaves are generally alternate or arranged in rosettes. The florets are exclusively ligulate and zygomorphic with five lobes of the corolla fused or nearly fused to the tips (Bremer 1994) . The most common pollen type is echinolophate, though echinate grains have been found in most subtribes (Tomb 1975; Blackmore 1984) . Basic chromosome number varies from x = 3-10 with 9 being the most common (Stebbins 1953; Whitton et al. 1995) . The Lactuceae are mostly confined to the Northern Hemisphere, with three main centres of diversity: the Mediterranean area, Central Asia and southwestern North America. A few genera and generic groups are also distributed in the Southern Hemisphere, for example Hypochaeris L. in South America. The subtribe Sonchinae K. Bremer has scattered, almost cosmopolitan distribution. Many Lactuceae are widespread weeds, including species of Sonchus L. and Taraxacum Weber (Bremer 1994) .
Although the circumscription of the Lactuceae has not changed since its recognition by De Jussieau in the 18th century, the subtribal classification is problematic and remains unstable. The early attempts of subdividing the Lactuceae were based on only a few characters and in view of modern taxonomy they are considered to be artificial (Stebbins 1953; Bremer 1994; Whitton et al. 1995) .
A major improvement of the classification within the tribe was carried out by Stebbins (1953) . Instead of placing the genera into a few major subdivisions based on one or two key characters, he considered each genus Trichomes in the tribe Lactuceae 617 separately and placed it next to the most similar genera with respect to the largest number of shared characters (morphological, palynological and karyological). Accordingly, he subdivided the Lactuceae to eight subtribes, within which he recognized several lines. Jeffrey (1966) slightly enlarged this character set and informally subdivided the Lactuceae into five groups, eight subgroups and 18 series. His groups and subgroups correspond to Stebbins' subtribes, while Stebbins' lines and Jeffrey's series are roughly equivalent.
In a most recent classification of the Lactuceae (Bremer 1994) cladistic approach was used. Selected characters (morphological, palynological and karyological) were scored on 23 genera that were selected to represent presumably monophyletic groups within the Lactuceae, or had been considered as isolated or important for the tribe's phylogeny. This approach resulted in 11 subtribes (three of them were newly circumscribed); the genera Cichorium L. and Scolymus L. were not assigned to any of the subtribes in order to avoid monogeneric subtribes.
To evaluate the support for each of the previous classifications, restriction site variation of the chloroplast DNA was examined (Whitton et al. 1995) . The monophyly of several lineages, as suggested by previous authors, was confirmed. But none of Stebbins' (1953) or Bremer's (1994) North American subtribes were confirmed as monophyletic, however, all studied North American genera form a well supported monophyletic group.
Trichomes are defined as uni-or multicellular surface structures possessing both, cell wall and lumen. They originate from epidermal cells and develop on the outer surface of various plant organs (Werker 2000) . Their direct contact with the surrounding environment determines their role for protection from adverse biological, chemical and physical conditions, their absorbing and secretory activities and influence pollination and seed dispersal (Uphof 1962; Werker 2000) . Because of their enormously high morphological diversity, different origin, location and surface microstructure, capability and mode of secretion, their classification is not easy (Werker et al. 1985) . The basal classification of trichomes distinguish between glandular and eglandular types (Werker 2000) . With respect to morphology, trichomes may differ in cell number (uni/multicellular), arrangement (uni-, bi-or multiseriate), shape (e.g., branched, unbranched, symmetrical, asymmetrical) and length (Werker 2000) . More than 300 forms of plant trichomes have been described (Spring 2000) . Despite this obvious morphological heterogeneity, often a similarity in the nature of indumentum was observed among genera that resemble each other also in other characters (Stebbins 1953) . Trichome types are therefore considered as important accessory characters, especially at lower taxonomic levels (e.g. Stebbins 1953; Faust & Jones 1973; Napp-Zinn & Eble 1980; Sahu 1982 Sahu , 1984 Hoot 1991; Al-Shamary & Gornall 1994; Korolyuk 1997) .
While the main studies aiming at the classification within the Lactuceae (Stebbins 1953; Jeffrey 1966; Bremer 1994 ) touched on trichomes to various extents, none of them were primarily interested in this aspect. Sporadically, some trichome figures of several representatives of the Lactuceae have been published (e.g. Zahn 1921 Zahn -1923 Chambers 1955; Pittoni 1974; Lack 1977) , but studies specializing on trichome morphology of particular genera or groups of taxa are extremely rare. The present study is the first attempt to elaborate a detailed survey of these structures in the Lactuceae. Our main aims are: (i) to describe the morphology and anatomy of trichomes on vegetative organs in a representative set of genera; (ii) to prepare a classification of trichome types based on their anatomy and morphology; (iii) to investigate affinities among the analysed genera based on the distribution of trichome types; and (iv) to discuss these results with respect to taxonomic arrangements based on other (morphological, karyological, palynological and molecular) data.
Material and methods

Plant material
Our selection of genera was such as to represent Bremer's subtribal classification. As far as material was available, the size of the genera was reflected by the number of investigated taxa. Most of the plant material was obtained from herbarium specimens deposited in the following institutions (BRA, BP, BEO, PR, M, MAF, SAV, TNS; acronyms according to Holmgren et al. 1990 ) and from the herbarium collection of P. Mráz (deposited at the Institute of Biology & Ecology, P. J. Šafárik University in Košice). The rest of the material originated from living plants collected in the field or from plants cultivated in the Botanical Garden of P. J. Šafárik University. Voucher specimens of the latter are deposited in the herb. Mráz. A list of all studied taxa and their origin is given in Appendix 2. Our generic taxonomic concept generally follows Flora Europea (Tutin et al. 1976 ). The genera Hieracium L., Pilosella (Hill) S.F. Gray and Stenotheca (Monn.) Torr. & A. Gray are treated separately. Splitting the genus Scorzonera L. s. l. into Scorzonera L. s. str. and Podospermum DC. is supported by their respective monophyly according to ITS data (Mavrodiev et al. 2004) . The nomenclature of non-European taxa is based on particular monographs (e.g., Jeffrey 1966; Vuilleumier 1973; Jarvis 1980) or on Bremer (1994) . In many cases, the online version of Index Kewensis (The International Plant Names Index 2004) was consulted for nomenclature.
Light and scanning electrone microscopy Trichome structures were studied on vegetative parts only (stems and leaves). Samples were prepared from hand cut or peeled epidermis. Trichomes structures change their shape, due to the loss of water during the drying, therefore small pieces of stems and leaves from herbarium specimens were boiled in distilled water for a short time before the preparation of samples. In some cases, the sections were stained with safranin to sharpen the cell walls of the observed structures. In case of glandular trichomes with very dense secretory material deposited in glandular heads, samples were made transparent using the technique of Dizeo de Strittmatter (described in Stenglein et al. 2003) . Light microscope figures were drawn with help of Abbe's apparatus. Light microscope photographs were taken from samples mounted in glycerol jelly with acetocarmine with an Olympus digital camera.
For SEM, small pieces of herbarium specimens were coated with 20 nm golden layers. The samples were examined in a Tesla BS-340 scanning electron microscope in the Laboratory of Electron Microscopy and Microanalyses at the Institute of Material Research of the Slovak Academy of Science in Košice.
Samples from fresh material (Hieracium) were prepared according to the protocol of Mráz & Polónyi (1988) . After this procedure the samples were coated with 20 nm thick golden layers, observed and photographed with a JEOL JXA-840A scanning electron microscope at the Central Laboratory of Electro-optic Methods, Faculty of Sciences of the Comenius University in Bratislava.
Trichome classification
The two major, well-established groups, glandular and eglandular trichomes were accepted and further subdivided into several trichome types according to morphological and anatomical criteria. For glandular trichomes, these were number of rows of basal and stalk cells, number of the neck and head cells. A further categorisation of the eglandular trichomes was done according to the number of cells they were composed of and the arrangement and shape of these cells (see Results).
Data analysis
The data obtained from the analyzed taxa (species, subspecies) were generalized at the generic level. If both, glabrous and hairy taxa were found in a particular genus, trichome types observed in the hairy one(s) were considered characteristic for the whole genus. The particular trichome types were scored by 0 (absence) and 1 (presence) in all accessions. If trichome types were subdivided into several subtypes, the main type and the subtype were scored separately.
To get an overall view on the phenetic relationships among genera, cluster analysis based on genera as operational taxonomic units (OTUs) was performed. The average linkage method (UPGMA) using Jaccard coefficient was chosen as clustering algorithm. The primary data matrix was analyzed with the Freetree software (Pavlíček et al. 1999) . The final layout of the dendrogram was constructed with Treeview (Page 1996) .
Results
Trichome classification
Based on the studied material we are describing a number of trichome types and subtypes for the tribe Lactuceae. Trichomes with glandular cell(s) filled with secrete material that form uni-or multicellular heads comprise types A-C, eglandular trichomes are classified as types D-H. In the latter group we can macroscpically distinguish trichomes that give plant hairy and hirsute character (types D-G) and those that form a fine cobweb-like and often dense coating on plant organs (type H). A. Uniseriate glandular trichomes with multicellular head Composed of a unicelular base, multicellular stalk and a multicellular head with a number of stalk cells arranged in one row varying from five to ten, with seven being the most common number observed (Fig. 1A) . B. Uniseriate glandular trichomes with multiseriate base and unicellular head Base multiseriate, stalk multicellular and uniseriate with unicellular glandular head on the apex ( Fig. 2A) . C. Bi-or multiseriate glandular trichomes Usually long, with broad base and multicellular stalk, narrowing towards the apex. Neck cells usually arranged in two rows, rarely more. Head always multicellular ( Fig. 2C; Fig 4A) . D. Long conical trichomes Composed of a short basal cell and a very elongated, conical apical cell (Fig. 4B ) E. Short conical trichomes Composed of three to more than ten, roughly equally long cells arranged in one row. Presence of cuticular micropapiles and thick cell walls are characteristic for this type (Fig. 4F ). F. Multiseriate eglandular trichomes Broad-based, conical, with cells arranged into two or more rows. Variable in size. Because of variable shape of the apical part of the trichome and variable shape of cells, we recognize three subtypes (within this type):
F1. Trichomes with projecting cell apices Usually very long, composed of elongated cells with more or less pronounced apical parts. Projecting parts can differ in their length. If the length of the free ends of the cells are once or twice the diameter of the rachis, the may be termed barbellate, or coarsely barbellate, possibly tending to be subplumose ( Fig. 1E ; Fig. 4C ). If the free ends are three times the diameter of the rachis then the hair may be considered plumose (Fig. 1D ).
F2. Trichomes with non-projecting cell apices
Apical parts of trichome cells not pronounced. Trichome apex composed of two, rarely one cell. These trichomes widely differ in their length (Fig. 4D ).
F3. Trichomes with branched apices
Apex branched, composed of 2-4, sometimes more cells of variable shape (straight, hooked) (Fig. 5A , C). G. Uniseriate eglandular trichomes with multiseriate base Base multiseriate, trichome body uniseriate. Apical cell markedly elongated in most taxa (Fig. 2B) H. Uniseriate filiform trichomes Uniseriate, forming a fine sparse or dense filamentous reticulum (net) on different organs. In some taxa present on young organs only. According to cell shape and differences between the apical and basal part, we recognize four subtypes (within this type).
H1. Uniseriate filiform simple trichomes Filamentous structures, very variable in length, composed of cells more or less equal in size and shape ( Fig. 1B; Fig. 5B ).
H2. Uniseriate filiform branched trichomes
Filamentous, randomly branched. Number of branches variable, three being the most common. Composed of more or less equally long cells ( Fig. 2D ; Fig. 3A ) H3. Stellate trichomes Trichomes with a multicellular stalk, with cells usually arranged in one row (stalk base occasionally bior multiseriate). One or two branched apical cells. Number of branches varying mostly from 7 to 12 ( Fig. 3E; Fig. 4E ).
H4. Trichomes with elongated apical cells
Trichomes composed of uniseriate multicellular stalk and one or more apical cell(s), the latter considerably elongated in comparison with the stalk cells (usually longer than the whole stalk), in some cases forming two branches (T-shaped trichomes) ( Fig. 1C; Fig 3  B ,C,D) The distribution of the trichomes in the analysed taxa is given in Table 1 , their description in the studied genera is given in Appendix 1.
Generic affinities based on the presence and absence of trichome types
The complete absence of pubescence is not informative for assessing the resemblance among the analyzed genera. According to preliminary analyses, the glabrous genera form an unresolved group besides the other 'hairy' Lactuceae and were excluded from further analyses.
Trichomes unique for one genus (types B and G for Prenanthes) or for only one taxon (type A for Stephanomeria exigua subsp. daneii or type D for Catananche caerulea) have been observed. Uniseriate filiform simple trichomes (type H1) were the most frequent (recorded in 21 out of 42 hairy genera) and therefore are taxonomically less informative.
For 8 out of 9 'hairy' American genera, the absence of multiseriate eglandular trichomes (type F) is charac- Fig. 6 . Tree based on the distribution of the trichome types among the analysed "hairy" genera. Groups of genera characterised by the presence of particular trichome type(s) are marked by coloured rectangles and branches, the coloured characters are the abbreviations of these trichome types (see Results -trichome classification). American genera are marked by asterisk.
teristic. It seems that the presence of F type trichomes is often correlated with co-occurrence of multiseriate glandular hairs (Type C) and that the latter type is very rare in New World genera for that reason.
Catannche is basal to the rest of the Lactuceae. Its position is due to the uniquity of the D-type. In Arnoseris and Hymenonema only the type E was found. Similarily Cicerbita and Willemetia are characteristic by the occurrence of the type C. Although these types were observed in other genera as well, the lack of other types in the Arnoseris-Hymenonema and CicerbitaWillemetia sets them appart of the other genera.
The remaining Lactuceae are subdivided into two groups. For one of them the presence of the type F is characteristic (Fig. 6 , green rectangle marked as F). This type is missing in the genera belonging to the other branch with, exception of Picris (types F3 and H4). This genus is grouped together with the genus Koelpinia (only H4) due to the occurrence of the H4 type. Although it was observed in Tolpis, Crepis and Hypochaeris as well, they have other types that place them together with other genera. In Tolpis they cooccure with the E and H1, in Crepis and Hypochaeris with F2 and H1 types. Podospermum and Scorsonera cluster together due to the occurrence of the H2 type. The rest of the F-type lacking group is characterised by the presenceof the H1 type and is further subdivided due to its co-occurrence with the types C or E.
The F-type bearing group is composed of 18 genera that are further subdivided. The genera Hieracium, Pilosella, Stenotheca, Hispidella and Andryala are separated from the core of the group by the co-occurence of the F1 and H3 types. The core group posess the two other subtypes of the type F and within this cluster two groups are separated by the presence or absence of the H-type. In the H type-lacking group Hedypnois and Hyoseris are appart the rest of the genera. They are characterised by the presence of the F3 type that is the only type observed in Hedypnois and co-occuring with the F2 in Hyoseris.
Discussion
In comparison with a coarse classification of only four Lactuceae trichome types (Stebbins 1953 ), our more detailed categories correspond to his as follows: (i) our uniseriate filiform trichomes (type H with four subcategories) were described by him as 'slender trichomes that may form fine or coarse and arachnoid tomentosum', (ii) his 'spreading hairs' comprise our multiseriate eglandular trichomes (type F with three subcategories) and our uniseriate long conical trichomes (type D), (iii) we included his 'coarse spreading trichomes with forked or stellate apex' into our subtype F3 (multiseriate eglandular trichomes with branched apical parts), (iv) his 'coarse spreading trichomes with glands at the apex' correspond to our multi-or biseriate glandular trichomes (type C).
Additionaly, we recognize two further types of glandular trichomes, uniseriate glandular ones without or with multiseriate basis (types A and B, respectively). Whether Stebbins did not recognize our trichome types E and G or whether they are included into one of his four categories cannot be decided, because he did not study their morphological and anatomical differences in further detail.
Although one of the aims of the present study was searching for affinities between the analyzed genera, it would be misleading to consider it as a classification system of the Lactuceae. The reason for including resemblance analysis in this work was the assessment of the contribution of trichomes to the clarification of relationships in the tribe at generic level.
For the analysed American genera the lack of the F-type is characteristic, the only exception is Stenotheca. This genus is closely related to genus Hieracium. In some taxonomic concepts, it is included into Hieracium (as Hieracium subgen. Chionoracium Sch. Bip. (e.g. Zahn 1921 -1923 Guppy 1978; Beaman 1990) ). The absence of the F type in the remaining 8 exclusively American genera is not surprising. Stebbins (1953) found that his "spreading hairs" are present in the majority of Old World genera, but absent in nearly all genera endemic to the New World. This finding is in concordance with the results obtained from cpDNA (Whitton et al. 1995) and ITS sequence data (Lee et al. 2003) according to which the American Lactuceae are monophyletic with the exception of the monotypic genus Phalacroseris.
The genera Hieracium, Pilosella, Stenotheca, Andryala and Hispidella (unique combination of F1 and H3 types observed) were, together with Tolpis, Hololeion and Arnoseris, included by Bremer (1994) in the subtribe Hieraciinae (he treated the Stenotheca as a subgenus of Hieracium). In genus Tolpis, uniseriate short conical eglandular trichomes (type E), uniseriate filiform simple trichomes (type H1) and uniseriate trichomes with elongated apical cells (type H4) were observed. For genus Arnoseris, the E-type is characteristic, and our representatives of Hololeion are glabrous. The dissimilarity between these three and the abovementioned genera was revealed by other characters as well. Arnoseris and Hololeion have clearly different fruit morphology compared to the rest of Bremer's Hieraciinae (Sennikov & Illarionova 2002) . Arnoseris also differs from Hieracium, Andryala and Pilosella in respect to pollen architecture (Blackmore 1984) . According to cypsela anatomy, Tolpis was considered to be the most primitive member of the Hieraciinae (Sennikov & Illarionova 2002) . However, pollen grains of Tolpis are rather similar to those of Arnoseris (Askerova 1970; Blackmore & Jarvis 1986 ). The distinction between Tolpis and our Hieracium-Pilosella-Andryala-Hispidella group is further supported by ndhF chloroplast gene sequences (Park et al. 2001) . Although the pollen grains of the monotypic genus Hispidella are similar to those of Tolpis and Arnoseris, Jeffrey (1966) found a close relationship of Hispidella with Pilosella, Andryala and Hieracium based on other morphological characters, that is in corcondance with cpDNA and ITS sequence data (Fehrer et al. 2007 ). According to these results the removal of the genera Arnoseris, Hololeion and Tolpis from the Hieraciinae sensu Bremer should be reconsidered.
Despite higher number of trichome types and subtypes was described, their contribution to the relationships on generic level is rather small. Apart of the above mentioned, the anlysis based solely on trichomes charcters did not reveal any other trends, which would be in congruence with results obtained from different data. Even not in the case of such morphologicaly compact and unambigously distinguishable structures as the F3 type, which presence suggests strong similarity between the genera Picris, Leontodon, Hyoseris and Hedypnois. This relationship is supported by other studies (Stebbins 1953; Jeffrey 1966; Baagøe 1980; Blackmore 1981; Bremer 1994; Blackmore & Persson 1996; Samuel et al. 2003) as well. However due to their co-occurrence with several (and widespread) types from which only the F3 is shared by all four genera, it is not reflected in the resulting tree.
The morphological similarity only, seems to be unsufficient criterion for delimitation of trichome types as taxonomic characters. It is likely that the morphology of trichomes, structures that are in immediate contact with the surrounding environment, will rather reflect ecological constrains than phylogenetic relationships. Therefore knowledge of their development and its genetic background may help in the future to distinguish homologous structures from analogous ones of similar morphology, but different origin. Especially in the case of abundant and morphologically overlaping forms (as the type H), the insight to these aspects may increase the taxonomic information carried on them. On the other hand trichomes on the fertail parts of plants may be more variable, therefore the investigation of the involucres and inflorescens may increase the level of resolution of the intergeneric relationships. It may be useful as well in respect of the genera with absence of trichomes on the vegetative organs. Received July 6, 2007 Accepted Jan. 25, 2008 Appendix 1 
